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Abstract 
Atmospheric Features over a tropical station Gadanki, India -
Lidar Observations from Troposphere to Mesopause region 
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CEReS, Chiba University 
profkrishnaiah@restaff.chiba-u.jp 
The vertical structure of the atmosphere particularly over tropics is essential for various applications in 
weather forecasting and space meteorology and it has been studied at NARL, Indian tropical station, Gadanki, 
with MST Radar, and other collocated facilities. Of them, the lidar technique has been found to be a potential 
remote sensing method for probing the earth's atmosphere from troposphere to mesopause region. The portable 
lidar nocturnal observations over Gadanki, usually showed a thick aerosol layer in the lowermost atmosphere, 
which corresponds to the local mixing layer. However, on several occasions during winter 2005, a thin aerosol 
layer was observed above the local boundary layer, in the free troposphere, between 3 and 4 km heights 
Using Mie and Rayleigh backscattering lidar system, regular observations of upper tropospheric clouds, 
aerosols at stratospheric heights and atmospheric temperatures in the range from 30 to 80 km have been made. 
Several tropical cirrus cloud structures having low to moderate ice content and occasionally, thin sub-visible 
cirrus in the vicinity of the tropical tropopause have also been detected. Rayleigh-scattering lidar observations 
revealed the temperature inversions at mesospheric heights, significant warming in the lower mesosphere 
associated with a consistent cooling in the upper stratospheric heights particularly in the winter season, during 
the events of sudden stratospheric warming (SSW).The formation and decay of the sporadic sodium layer at 
mesospheric heights is studied using newly augmented Resonance lidar. Many interesting features such as 
temperature climatology, Gravity wave activity etc are studied using long data base and results are compared 
with other centers corresponding values . 
*JSPS fellow. Permanent address: Department of Physics, Sri Venkateswara University, Tirupati, India 
1. Introduction 
The study of the vertical structure of the 
atmosphere is one of the prerequisites for 
electron jet in the ionosphere. Systematic exploration 
of the vertical structure of the atmosphere is essential 
for various applications of meteorology and space. 
understanding of the various processes taking in Several measurement techniques have extensively 
it ,particularly over tropics where the high solar been used for better understanding of global 
irradiance is responsible for atmospheric processes of atmosphere. Of them, Laser radar more popularly 
different spatial scales such as the development of known as LIDAR (Light Detection And Ranging) has 
deep convective systems which transport energy and become the excellent tool for mentoring the 
momentum from the low to the high aititudes ,higher atmosphere in a relatively short period of time (few 
production rate of ozone molecules in the seconds to minutes). The laser radiation interacts with 
stratosphere and the formation of the equatorial various constituents of the atmosphere in different 
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types of optical processes related to different types of 
light scatterings (Measures 1984).Both continuous 
wave and pulsed laser systems have been extensively 
used notably in different parts of the globe to study 
aerosols/clouds (Mie Scattering), atmospheric density 
and temperature (Rayleigh Scattering), metallic ion 
species (Resonance Scattering), minor constituents 
and trace gases (Differential absorption), composition 
(Raman Scattering) and winds (Doppler LIDAR). 
In India a major advance has been made in 
vertical probing of the atmosphere with establishment 
of a high power Mesosphere-Stratosphereｭ
Troposphere (MST) Radar, Rayleigh, Mie, Sodium 
and Boundary layer lidars, sodar, lower atmospheric 
wind profiler etc. at National Atmospheric Research 
Laboratory (NARL),Gadanki (13.5 N;79.2 E; dip 
12.5 N,6-3 magnetic latitude;-370m MSL) is a rural 
tropical site in south India It is aimed here to present 
the salient features of the atmosphere observed using 
the lidar systems from troposphere to mesopause 
region. 
2. Lidar systems used 
The BLL system at NARL-employs a diode 
pumped Nd:YAG laser that operates at its 532 nm 
wavelength with 10ｵJ and 2500 Hz. The laser beam 
divergence was reduced to les than 200ｵrad using 
an external beam expander. The monoaxial 
configuration is employed with 150 mm diameter 
classical cassegrainin telescope for collecting the 
laser backscattered returns from the atmosphere. The 
design focal length of the telescope is 1350 mm. A 
pin-hole of 0.5 mm was used to obtain a receive FOY 
of about 400ｵrad. A narrowband optical Interference 
filter is used to reduce background light. The BLL 
system employs photon counting electronics using a 
high gain PMT. 
The Rayleigh and Mie lidar system was installed 
at NARL in 1998 by CRL, Japan. The complete 
description and operation are discussed elsewhere 
(Bhavani Kumar, 2006) lndo-Japanese lidar (IJL) 
system, a monostatic system augmented with Raman 
capability to obtain the height profiles of water vapor 
mixing ratio and further augmented with a tunable 
pulsed dye laser pumped by a frequency-doubled Nd: 
Y AG laser as Resonance lidar and tuned to sodium 
D2 line at 589 nm as transmitter to observe the 
aeronomy of the mesopause region. 
3. Lidar Experimental Results. 
3.1 Boundary layer lidar observations of 
Aerosols and Clouds. 
A portable back scatter lidar developed at NARL 
has been used to monitor the boundary layer aerosol 
dynamics and high altitude clouds during the night 
time. Figure I (a)shows the altitude profile of aerosol 
scattering coefficient derived from the lidar data on 4 
January 2005 and an elevated thin aerosol layer 
above the local boundary layer between 2 and 3 km. 
It is considered that these layers represent long-range 
transport of aerosols. Figure 1 (b) shows the typical 
photon count profile obtained from the BLL 
system during the nocturnal observation period. It is 
presented in logarithmic scale and shown up to 20 km 
height. The data was collected during midnight hours 
between 02:13 and 02:23 Hrs LT on 6 January 2005. 
The photon count profile co汀esponds to a time 
integration of 10 minutes. A layer of strong scattering 
is clearly seen in the upper troposphere at heights 
between 12 and 14 km, which corresponds to the 
occurrence of high altitude cloud over the lidar site 
during the period of observation. Fig 1 (c) is an 
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example of boundary layer dynamics over the lidar 
site.(Bhavani Kumar,2006) 
総硲玲i 泌岱盆紅"免磁翠菟l'総滋父咲娑冷忍·,
???
I^m
日V
^E¥)UF~
日
ro.I
汰磁淡
？泌※恣疫·絵芯,,
?·‘ 
なふえ裟こ各な疼蕊登茫．『
9パ3
ふ蕊
tsi
? ?
21.: 
2 L 
0: 03:0 06:0 09:0 12:0 15:0 18:0 21:0 0: 
Figl.BLL observation of elevated aerosol layer, occurrence 
occurred in the altitude range of 16 to 16.5 km, which 
appeared to be very close to the tropical tropopause, 
and persisted for about 5 hrs. These thin cirrus layers 
contribute significantly to the radiation budget and 
thereby to the warming of atmosphere The other 
cirrus layer is identified in the altitude range of 12 to 
14 km altitudes is shown in Figure 2(b) as patchy 
type of cirrus bands 
Typical height profiles of aerosol backscatter 
ratio integrated over two hour period, as observed by 
Indo-Japanese lidar, on the nights of 1炉 March, 16th 
October, 28 December! 998 and 19th January 1999 is 
shown in Figure 2(c). Each lidar profile is shown 
with a corresponding radiosonde temperature profile 
that is obtained from the nearest meteorological 
of high altitude cloud and the time series of station, Chennai for identification of the local 
tropopause altitude. The horizontal arrows indicate 
the altitude of cold-point tropopause obtained from 
these temperature measurements. A significant 
3.2 Indo-Japanese lidar (IJL) observations of observation from these height profiles is the extended 
range-squared signal can interpret the ABL dynamics over 
lidar site 
high altitude clouds and aerosols vertical distribution of stratospheric aerosol. There 
The (IJL) system, equipped with polarization are no noticeable sharp enhancements in aerosol 
diversity, has detected several different structures of backscatter observed at the stratospheric heights. This 
tropical cirrus in the altitude ranging from 10 -17 km confirms that during the time of our observations the 
with derived peak volume depolarization in the range tropical upper troposphere and stratosphere over 
of 0.1 to 0.32. In Figure 2(a), a single cirrus layer in Gadanki appears free from volcanic aerosols and 
the height range of 14-16 km is detected and what we observe now is the background variable 
observation shows that cloud appeared for a period of aerosol (Barnes and Hofmann 1997, 2001; Jaeger 
about an hour and later it decayed in its strength and 1998). Another significant observation in the 
becomes too week to detect. After two hours, that is backscatter profiles is a noticeable minimum in BSR 
from 00: 12 Hrs of IST, cloud starts building up in at the height marked as the local tropopause. A sharp 
strength (more scattering) and formed a significant gradient in the temperature accompanied by the 
spatial structure as shown. Figure 2(b) shows, the tropical tropopause may be the probable reason for 
observation on 11-12 November 1998, two different such minimum in the aerosol concentration. (Bhavani 
layers of cirrus structures observed during their Kumar, et al., 2006). 
passage over the lidar site. A thin cirrus layer 
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Fig 2. Different structures of tropical cirrus and height profiles of 
aerosol backscatter ratio integrated over two hours. 
3.3 Measurement of Upper stratospheric and 
Lower Mesospheric temperatures 
Absolute temperatures are derived from the 
density measurements by assuming that the 
atmosphere is in hydrostatic equilibrium and 
integrating the Ideal Gas Law from the greatest 
altitude downward. Figure 3(a) and (b) show the 
profiles of temperature and standard error derived 
from Rayleigh-scatter lidar data integrated over a 
period of two hours. Figure 3(c) shows the sequences 
of half-hour integrated temperature profiles for the 
nights of 21-22 October, 21-22 May and 07-08 
February 1999 representing the periods of 
equinoctial, summer and winter. For October, a 
localized warming near stratopause with maximum 
temperature is found to be around 275 K. For May, a 
clear wave perturbation at lower stratospheric heights 
with quite broad stratopause. For February, a clear 
wave perturbed temperature profile causing lower 
mesosphere warming followed by upper stratospheric 
cooling. 
The temperature profiles obtained by 
Rayleigh-scatter lidar frequently exhibit a strong 
temperature inversion with 20-40 K at mesospheric 
heights. The observed inversion was explained by 
the heating of the turbulent layers generated by the 
continuous breaking of the upward propagating 
internal gravity waves. The Indo-Japanese lidar 
observation of gravity wave activity in neutral 
temperatures is shown in Figure 4(a).Another unusual 
feature was observed in the profiles of temperature 
during the winter period of 1998 and 1999. A 
substantial cooling in the height profiles of 
temperatures has been noticed on 23 December 1998 
and 28 February 1999 as shown in Figure 4(b). This 
is about 15 to 20 K lower than the corresponding 
temperature of the COSP AR International Reference 
Atmosphere (CIRA) 1986, which represents a 
monthly zonal mean for December and February at 
15ｰN (Bhavani Kumar et al., 2006) 
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Fig. 3(a) and (b) show the profiles of temperature and 
standard error 3(c) shows the sequences of half-hour 
integrated temperature profiles for the nights of 21-22 
October, 21-22 May and 07-08 February 1999. 
- 34 -
"' 
m巧Cぶ""攻柑令，,,
ぶ硲""紐紋.. 怨'""'欲渇窯,, 'ふと袋靱 9磁綴桑X紐●"'給唸. , . , 忍：, 玲 苓tぷ·おぶ緑·
A玲'"'名''"'""
Fig 4(a) Sequences of successive basic temperature 
profiles to indicate the wave like structures and 
(b)substantial cooling in the height profiles of 
Temperatures 
dense Na layer is superposed on the normal Na layer 
during 02:32-05:34 IST (Indian Standard Time, 
which is ahead of Local Time (LT) by 13.2 min). The 
duration of the event is around 3 h.The thickness of 
this layer (FWHM) is about 1.62 km. The duration of 
the event shown in the3rd panel is relatively shorter 
(about 70 min), as the dense Na layer appears during 
21 :22.22 IST. In both the cases, the evolution and 
decay of the SSL events can be observed (Vishnu 
Prasanth, 2007). 
4. Conclusions 
A new portable micro pulse lidar system 
developed at the National Atmospheric 
Research Laboratory, Gadanki, India, has 
indicated the presence of thick aerosol layer 
in the lower most troposphere, which was 
considered as the local mixing layer. The 
3.4 Resonance Lidar observations of sporadic lidar system has also detected the elevated aerosol 
Na layers layer, above m1xmg layer and also high altitude 
The photon count profile collected on 12 January clouds. 
2005 (Bhavani Kumar et al. 2007) and two examples 
of sporadic sodium layer (SSL) profiles on 12 
February 2005 (solid) and on 2 January 2006 (dashed 
curve) are shown in Fig5(a &b). A special SSL event 
is identified on 12 February 2005 (solid curve).with 
the greatest peak density occurs at an altitude of 92 
km with a peak width (FWHM) of 2.1 km. These 
profiles show that the occurrence of SSL events is 
highly variable in altitude, density and peak width. In 
order to show the formation and decay of the sodium 
,., ぶ母9
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layers, two examples are shown in Fig 5(c&d) in Fig. 5. Photon count profile collected on 12 January and 
which the durations of the SSL events are different. Two examples of SSL profiles on 12 February 2005 (solid) 
In the figure, the sodium density profiles are plotted and 2 January 2006 (dashed) and . Successive profiles of 
in steps every 20 min for 1 January 2005 (3rd panel) sodium density showing evolution and decay of an SSL 
and in steps every 6 min for 15 January 2005 (last event on 1 January 2005(center) and 15January 2005 (last 
panel). It can be observed in the 3rd panel that a thin panel). 
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Indo-Japanese lidar has been used for the 
detection of high altitude clouds, stratospheric 
aerosols, and derive the temperatures in the 
height range of 30 to 80 km. Thin cirrus clouds 
are occasionally detected near the tropical 
tropopause. The measurement of stratospheric 
aerosols by the lidar system confirms that 
during the times of present observation, the 
tropical upper troposphere and lower 
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